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Exploratory investigation on functional

significance of ETS2 and SIM2 genes in
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Abstract. Trisomy of the 21st chromosome leads to an over dosage of several regulatory genes in Down syndrome (DS). Though

allelic and genotypic combinations formed between genes are interesting, till date, this particular area has never been explored

in DS. In the present investigation four SNPs in two transcription factors, Single minded 2 (SIM2) and V-ets erythroblastosis

virus E26 oncogene homolog2 (ETS2), located in the 21st chromosome were genotyped to understand their role in DS. Genomic

DNA of eastern Indian probands with DS (N = 132), their parents (N = 209) and ethnically matched controls (N = 149) was

subjected to PCR-based analyses of functionally important SNPs followed by statistical analyses. ETS2 rs461155 showed high

heterozygosity in DS. Significantly lower frequency of SIM2 C-G haplotype (rs2073601-rs2073416) was noticed in individuals

with DS (P value = 0.01669) and their fathers (P value = 0.01185). Significantly lower frequency of the A-C-C-G with higher

frequency of A-C-A-G haplotypes was also noticed in subjects with DS (P value = 0.02089 and 0.00588 respectively). Data

obtained indicate that the rs2073601 ‘A’ allele, responsible for nonsynonymous substitution of leucine to methionine, may have

some role in DS in this population.
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1. Introduction

Down syndrome (DS) (MIM# 190685) is the most
common cause of intellectual disability throughout the
world [1]. Along with intellectual disability compro-
mised immunity, hormonal alteration, predisposition to
malignancy etc. are of frequent occurrence in individ-
uals with DS. Although trisomy of the 21st chromo-
some (HSA21) as a whole or triplication of genes in
the Down syndrome critical region, leading to an over
expression of these genes, may be one of the key factor
for DS [2], it is still uncertain whether DS and its asso-
ciated physiological abnormalities could be caused by
particular gene loci in HSA21 [3].
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Single minded 2 (SIM2) and V-ets erythroblastosis

virus E26 oncogene homolog 2 (ETS2) are two tran-

scription factors located in HSA21 and are over ex-

pressed in individuals with DS [1]. Downstream genes

of these TFs are thought to play important roles in DS

associated patho-physiology [1]. Further, higher dif-

ferential expression ratio observed for the TFs in differ-

ent tissues made them important candidates for disease

association studies [4].

SIM2 belongs to basic-helix-loop-helix (bHLH),

PER-ARNT-SIM (PAS) family of TFs [5–7]. It can

heterodimerize with aryl hydrocarbon receptor nucle-

ar translocator (ARNT) and migrate to the nucle-

us where bHLH domain binds to the consensus E-

box {5′GT(G/A)CGTG 3′}of central nervous system

(CNS) midline enhancer (CME) [8]. After binding to

CME, the C terminal end of the bHLH-PAS domain ac-

tivates the CNS midline gene transcription [9]. Devel-

opment of nervous system in human depends on prop-

er functioning of CNS midline cells and CNS midline

gene expression requires midline precursor expression
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regulated by the single-minded gene product [5] mak-

ing SIM2 an important candidate for normal neuronal

development. Expression of SIM2 mRNA has been

detected in brain regions reported to be associated with

DS pathology [10].

ETS2 is another TF located in HSA21 and iden-

tified to have important regulatory role in DS relat-

ed abnormalities [1]. Over expression of ETS2 was

found to induce DS like craniofacial defects and skele-

tal anomalies in transgenic mice [11], to increased rate

of neuronal apoptosis [12] and amyloid precursor pro-

tein (APP) gene transactivation. Over expression of

ETS2 was hypothesized to play vital role in the patho-

genesis of early onset Alzheimer’s disease and neuronal

abnormalities in individualswith DS by regulatingAPP

gene function [13].

The present study was aimed at investigating impor-

tance of four single nucleotide polymorphisms (SNPs),

rs461155 (A/G) (coding, synonymous) and rs1051425

(C/T, 3′-UTR) SNPs in ETS2 and rs2073601 (C/A)

(coding, nonsynonymous) and rs2073416 (G/A) (cod-

ing, synonymous) in SIM2, in DS.

2. Materials and methods

2.1. Subjects

Peripheral blood was collected from ethnically

matched healthy control individuals (N = 149) with-

out having any clinical history of intellectual disabili-

ty. Unrelated nuclear families (N = 132) with 78 male

(59.09%) and 54 female (40.91%) DS probands, with-

in an age range of 0.8–23 years, attending the out pa-

tient department of Manovikas Kendra, Kolkata, were

recruited following the DSM-IV criteria [14]. Enlist-

ed subjects consisted of 83 complete parent-offspring

trios, 41 duos (35 without father, 6 without mother) and

8 DS probands. Study protocol was approved by the

Institutional Human Ethical Committee.

After obtaining informed written consent, peripheral

blood was collected from all the recruited individuals

and leukocytes, cultured in presence of phytohemag-

glutinin, were used for karyotype analysis [15] for con-

firmation of diagnosis; all the subjects with DS recruit-

ed for this study showed trisomy 21 while parents and

controls were devoid of any gross chromosomal abnor-

malities.

2.2. Selection of SNP

Risk conferred by individual SNPs was analyzed

computationally by FastSNP (http://fastsnp.ibms.sinica

.edu.tw) [16]. Functional significance of SNPs was

analyzed by Pupasuite 2 (http://pupasuite.bioinfo.cipf.

es) [17] which gives a score difference between two

alleles for the SNP.

2.3. Genotyping

Leucocyte genomic DNA, isolated using standard

protocol [18], was used for PCR-based amplification.

Target sequences were subjected to sequencing in ABI

prism 3130 Genetic Analyzer using Big Dye sequenc-

ing kit v3.1 followed by analysis using Sequencing

Analysis software v 5.2. Details of the procedure are

described in Table 1.

2.4. Statistical analyses

Allelic and genotypic distributions of the studied

SIM2 SNPs in eastern Indian control population (IND-

C) were compared with that of four ancestral popu-

lations studied in the International HapMap project.

Allele and genotype frequencies of controls were al-

so compared with subjects with DS and their parents

by simple r x c contingency table (http://www.physics.

csbsju.edu/stats/contingency NROW NCOLUMN

form.html). Allelic odds ratios were calculated by

Odds ratio calculator (http://www.hutchon.net/Confid

ORnulhypo.htm).

Association between DS and ETS2 rs461155 and

rs1051425 were reported earlier [19]. In this investiga-

tion, genotype data was used for calculating LD, hap-

lotypic association and interaction analysis with SIM2

rs2073601 and rs2073416.

LD values were calculated by Haploview 4.1 using

default settings. Haplotype frequency distributions of

polymorphic SNPs were inspected by Unphased pro-

gram (Version 2.404) [20]. Interaction among the

genotypes of rs461155, rs1051425, rs2073601 and

rs2073416 was analyzed by multifactor dimensionality

reduction (MDR) version 2.0 beta 3 [21]; interaction

graphs were used to calculate nature of dependencies

or interactions using the MDR algorithm. The MDR

interaction model describes percentage of entropy (in-

formation gain or IG) by each factor or 2-way interac-

tion. Nodes and connections indicate the IG in case-

control status removed by each variable (independent

main effect) and by each pairwise combination of at-
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Table 1

Analytical method used for studying SIM2 and ETS2 SNPs

SNP ID Type of SNP Primer sequence Genotyping

(Alleles) (Amino acid

change)

ETS2

rs461155

(A/G)

Coding

synonymous

F:5′GTTGTCTTTGCCAGGGACTC-3′

R:5′CGGTGAATGTGGTACTGTGG-3′
Analysis of PCR

amplicons in ABI

ETS2

rs1051425

(T/C)

3′UTR SNP F:5′CAAGGGCCGACTAAGAGAAG-3′

R:5′GCATGCAAAGAAGTGGAAAA-3′
3130 Genetic Ana-
lyzer using Big Dye

kit v3.1 followed

SIM2

rs2073601

(C/A)

Coding NS

(L483M)

F:5′ATCCATCTTCTTTGCCATGC-3′

R:5′GGTGGCTCTGGAGGATTTTT-3′
ow by sequence

analysis using Se-

quencing software

SIM2

rs2073416

(G/A)

Coding

synonymous

v5.2.

tributes (interaction effect) respectively; thus, indepen-

dent main effect of each polymorphism can be quickly

compared with the interactive effect.

Power of all the chi square tests was calculated

by Piface program [22]. The SNPs are designated

as 1 (rs461155), 2 (rs1051425), 3 (rs2073601) and 4

(rs2073416) for all the statistical analyses. Triplicate

genotypes under homozygous conditions were consid-

ered as diploid homozygous genotypes in DS probands

while the triplicate heterozygous genotypes were con-

sidered as the diploid heterozygous genotype for all

the calculations to compare with respective reference

diploid groups.

2.5. Prediction of nondisjunctioal status in DS

probands

For obtaining information regarding parental and

stage of origin of meiotic nondisjunction in probands

with DS, pericentric STR markers are the ideal

choice [23,24]. However, in absence of that informa-

tion, in this study we have used a different approach

for predicting parental and stage of origin of meiot-

ic nondisjunction in individuals with DS. As was pro-

posed by previous investigators [25], in case of ho-

mozygous proband of two heterozygous parents, the

stage of nondisjunction was speculated as meiosis II.

The reverse cases (heterozygous proband with one ho-

mozygous and one heterozygous parent) were consid-

ered as the case of nondisjunction at meiosis I. Infor-

mation for all the four genetic loci was considered sep-

arately for predicting the stage of origin of nondisjunc-

tion. For families uninformative for a certain locus,

nondisjunction status was ascertained from other infor-

mative loci.

3. Results

Among several SNPs present in the SIM2, FastSNP

analysis showed that rs2073601 (C/A) [coding non-

synonymous (L483M)] and rs2073416 (A/G) [coding

synonymous] may play deleterious role in the func-

tioning of SIM2 since both bear low to medium risk

(risk level: 2–3). Analysis by Pupasuite 2 program re-

vealed that both the SNPs can alter SR proteinmediated

splicing of SIM2 mRNA. rs461155 and rs1051425 in

ETS2 were also analyzed by Pupasuite 2 and changes in

SRp40 mediated exonic splicing enhancer activity and

transcriptional regulation activity respectivelywere no-

ticed. These four SNPs were selected for analysis in

the present study.

3.1. Allelic and genotypic frequency distribution

pattern of SIM2 SNPs

Minor allele (A) frequency of rs2073601 (C/A) was

significantly lower in the IND-C population (Fig. 1A)

as compared to the Caucasians from Utah with ancestry

from western and northern Europe (CEU) (χ2
= 5.88,

P value = 0.015) while being significantly higher to

that of the Yoruba from Ibadan, Nigeria (YRI), Han

Chinese from Beijing, China (HCB) and Japanese from

Tokyo, Japan (JPT) (χ2
= 21.4, 24.2, 27.3; P value

< 0.0001 respectively). Minor allele (A) frequency of

rs2073416 (G/A) in the IND-C populationwas found to

be similar with HCB and JPT populations but different

from the CEU (χ2
= 6.45, P value = 0.011) and YRI

(χ2
= 5.43, 0.020) populations (Fig. 1A).

Comparison between different Indian subjects re-

vealed that in probands with DS, frequency of the

rs2073601 ‘A’ allele was slightly higher (χ2
= 3.61, P

value = 0.057) as compared to the IND-C population
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Fig. 1. [A] Frequency of rs2073601 (C/A) and rs2073416 (G/A) minor alleles in the IND-C and four ancestral populations [CEU, YRI, HCB

and JPT] studied in the International HapMap project; [B] comparative analysis of minor allele frequencies in nuclear family members with DS

probands and IND-C.

(Fig. 1B). Further, genotype distribution of rs2073601

showed significantly higher occurrence of CCA/CAA

(0.515) and AAA (0.076) genotypes in DS with con-

comitant low (0.409) CCC genotype (χ2
= 7.18, P val-

ue = 0.028, power = 29.46%) as compared to the IND-

C (CC = 0.557; CA = 0.409; AA = 0.034). rs2073416

did not show any significant difference in allelic and

genotypic distribution (Fig. 1B).

3.2. Linkage disequilibrium and haplotype

distribution pattern of ETS2 and SIM2 SNPs

The normalized LD (D′) and correlation coefficient

(r2) values for rs461155-rs1051425 and rs2073601-

rs2073416were comparatively higher in probandswith

DS (χ2
= 42.5, P < 0.000, power = 89.23%), their

father (χ2
= 12.0, P value = 0.035, power = 47.34%)

and mother (χ2
= 17.5, P value = 0.004, power =

52.76%) in comparison to the control group (Table 2).

However, the r2 values in all these groups were low and

it can be concluded that the sites are in weak LD.

Haplotype analysis showed that frequency of the ref-

erence haplotype (A-C-C-G), containing ancestral al-

lele of all the four SNPs, was significantly lower in

probands with DS (χ2
= 5.336, P value = 0.02089)

with concomitant higher frequency of the A-C-A-G

haplotype (χ2
= 7.587, P value = 0.00588) (Fig. 2;

best p value = 0.01017, global significance level =

0.0421, standard error = 0.002008). Independent anal-

ysis of rs2073601 and rs2073416 also showed lower

frequency of C-G haplotype in probands with DS (P =

0.01669) and their fathers (P = 0.01185).

3.3. Interaction of ETS2 and SIM2 genotypes

Either the wild type homozygous genotypes and/or

heterozygous genotypes of these three SNPs were

present in higher frequencies in individuals with DS

as compared to controls. Negligible co-occurrence of

homozygous risk genotypes of these SNPs was noticed

in the disease group.

Gene-gene interaction analysis revealed stronger in-

dependent effect of rs2073416 and rs2073601 (positive

IG values in the nodes) in parents of subjects with DS

while in the probands major effect of rs461155 was

noticed (Fig. 3). Negative entropy observed for pair-

wise interactions indicated redundancy between these

SNPs in all the groups (Fig. 3). Verification of these

findings by cross-validation statistics of MDR (Table 3)

revealed significant correlation in individuals with DS

(rs461155-rs2073601 Testing Balance Accuracy, TBA

= 0.5987, Cross Validation Consistency, CVC = 10,

P = 0.0375; rs461155–rs2073601–rs2073416 TBA =

0.6062, CVC = 9, P = 0.0195) while in the parent

groups, level of redundancy was higher with nominal

CVC and P values (Table 3).

3.4. Status of nondisjunction in DS probands

Analysis of nondisjunctional status in probands with

DS (Table 4) revealed that total number of paternal

nondisjunction was 24, 12, 11 and 12 (total 59) while

total number of maternal nondisjunctionwas 27, 21, 27

and 33 (total 108) for rs461155, rs1051425, rs2073601

and rs2073416 respectively. Out of these, nondisjunc-

tion at meiosis I possibly occurred 65 times whereas

nondisjunction at meiosis II took place only 17 times
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Table 3

Summary of the Multi Dimensionality Reduction cross-validation statistics

Groups Best TBAa CVCb P.E.c P Value of

combination of (1-TBA) TBA

SNP* in each dimension

Father of 3 0.5321 9 0.4679 0.6020

DS 1–3 – – – –

proband 3–4 0.5732 8 0.4268 0.2500
1-3-4 0.6010 9 0.399 0.0695

1-2-3-4 0.5679 10 0.4321 0.2865

Mother 3 0.5200 7 0.4800 0.6790

of DS 1–3 0.5472 6 0.4528 0.4240

proband 3–4 0.5472 6 0.4528 0.4240

1-3-4 0.5817 9 0.4183 0.1075

1-2-3-4 0.5954 10 0.4046 0.0525

DS 1 0.5765 8 0.4235 0.1350
Proband 1–3 0.5987 10 0.4013 0.0375

1-3-4 0.6062 9 0.3938 0.0195

1-2-3-4 0.5531 10 0.4469 0.3545

∗1 = rs461155, 2 = rs1051425, 3 = rs2073601, 4 = rs2073416; aTesting balance

accuracy; bCross validation consistency; cPrediction error.

Fig. 2. Frequency of haplotypes formed between four SNPs in probands with DS and their family members. * haplotypes (A-C-C-G and

A-C-A-G) showing significant difference in DS probands as compared to controls (P value = 0.02089 and 0.00588 respectively).

Fig. 3. Independent effect of SNPs (positive IG values in the nodes) and their interactions (lines between two SNPs) obtained by MDR 2.0 beta

3 in fathers (A), mothers (B) and probands with DS (C). Redundancy is depicted as a line between factors accompanied by a negative percent of

entropy.
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Table 4

Predicted stage of origin of nondisjunction

SNP ID Paternal origin of Maternal origin of

nondisjunction nondisjunction

Meiosis I Meiosis II Meiosis I/II Meiosis I Meiosis II Meiosis I/II

rs461155 11 1 12 11 4 12

rs1051425 4 0 8 6 2 13

rs2073601 2 3 6 12 3 12

rs2073416 7 1 4 12 3 18

Table 5

Genotypic status of rs461155 in DS probands and their parents

NDJP∗ CDJP∗∗ Proband Status of Marker§ Predicted Trios/ Duos
genotype genotype genotype stage of NDJ /Singleton

AA / GG / AAG N I/II 6

AA / AG / AAA R I 6

AG / AA / AAG N I 15

AG / AA / AGG N II 2

AG / AG / GGG R II 1

AG / AG / AAA R II 4

AG / GG / AGG N I 7

GG / AG / GGG N I 3

AG GG AAG N II 1

AG AG AAG N I/II 15

AG AG AGG N I/II 14

missing AA AGG N I/II 1

missing GG AAG N I/II 1

missing AG AGG N I/II 1

missing AA AAA R I/II 1

missing AG AAA R I/II 1

missing AG GGG R I/II 2

missing AG AAA R I/II 3

missing AA AAA R I/II 5

missing AG AGG N I/II 2

missing AA AAG N I/II 4

missing GG AGG N I/II 4

missing AG AAG N I/II 16

missing missing AAA R/N I/II 4

missing missing AAG N I/II 1

missing missing GGG R/N I/II 1

missing missing AGG N I/II 2

∗NDJP: Nondisjoining parent.
∗∗CDJP: Correctly disjoining parent.
§R: reduced to homozygocity, N: Not reduced to homozygocity.

(χ2
= 53.2, P < 0.0001). From the above data it can

be assumed that overall rate of maternal nondisjunc-

tion was higher than paternal for the studied sites with

a significantly higher occurrence of nondisjunction at

meiosis I (χ2
= 8.89, P = 0.003).

Since rs461155 and rs2073601 showed strong in-

teraction and significant difference in allelic frequen-

cies in subjects with DS as compared to control, allelic

transmission pattern of these two sites was analyzed

in detail. Genotypic analysis reveled that in total, 8

and 24 families were uninformative for rs461155 and

rs2073601 respectively. An overdosage (61.16%) of
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Table 6

Genotypic status of rs2073601 in DS probands and their parents

NDJP∗ CDJP∗∗ Proband Status of Marker§ Predicted Trios/ Duos
genotype genotype genotype stage of NDJ /Singleton

CC / AA / CCA N I/II 2

CC / CA / CCC R I 10

CA / CC / CCA N I 9

CA / CC / CAA N II 8

CA / CA / AAA R II 3

CA / CA / CCC R II 1

CA / AA / CAA N I 4

CC / AA / CAA N I/II 7

AA CA AAA N I 3

CA CA CCA N I/II 2

CA CA CAA N I/II 10

missing AA CAA N I/II 1

missing CA CCA N I/II 1

missing CA CAA N I/II 1

missing CC CCC R I/II 2

missing CA CCC R I/II 1

missing CA CCC R/N I/II 2

missing CC CCC R I/II 11

missing CA CAA N I/II 7

missing CC CCA N I/II 4

missing AA CAA N I/II 2

missing AA AAA R I/II 2

missing CA CCA N I/II 3

missing CA AAA R I/II 1

missing CC CAA N I/II 3

missing missing CCC R/N I/II 2

missing missing CCA N I/II 1

missing missing AAA R/N I/II 1

missing missing CAA N I/II 4

∗NDJP: Nondisjoining parent.
∗∗CDJP: Correctly disjoining parent.
§R: reduced to homozygocity, N: Not reduced to homozygocity.

the “A” allele of rs461155was noticed in probandswith
DS (AAG-59, AAA-24) in comparison to the dosage of
the “G” allele (GGG-7; AGG-33). Among 124 fami-
lies with 189 parents (74 with both parents and 41 with
single parent) the “G” allele was predicted to disjoin
correctly in 86 instances while the “A” allele disjoined
correctly 96 times (Table 5). We have also noticed that
reduction to homozygosity was low for this site; out of
122 probands recruited with parents, marker status was
reduced to homozygosity in only 23 cases.

Analysis of 108 informative cases with DS for
rs2073601 (Table 6) revealed that the CAA genotype
was predominant among probands (43.5%). Frequency

of probands with AAA genotype (9.26%) was signifi-

cantly low as compared to the CCC genotype (26.85%).

On the other hand, more than 73% cases contained the

“A” allele (10 with AAA, 47 with AA and 22 with A
while 29 was without A). Among 122 probands with

informative families reduction to homozygosity was

noticed in 31 probands.

4. Discussion

In the present investigation, for the first time haplo-

typic association of SIM2 and ETS2, two TFs located
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in the DSCR, have been analyzed in probands with DS.

Among the four SNPs studied in ETS2 and SIM2, the

nonsynonymous rs2073601 exhibited significantly al-

tered frequencydistribution pattern in comparison to all

the four populations enlisted in HapMap. Differences

in allelic frequencies between populations have been

predicted to have good correlation with differences in

gene expression [26]. We have observed that allelic

change of rs2073601 may lead to a nonsynonymous

substitution; while the “C” allele codes for leucine, a

basic amino acid, the ‘A’ substitution leads to encode

for methionine, a nonpolar amino acid. This may in-

duce a loss in SR protein mediated activities (SC35 ac-

tivity score = C-2.93, A-1.66, lose −1.27; SF2 activity

score = C-3.74, A-1.22, loss-2.52). Our investigation

has also revealed a higher frequency of the derived “A”

allele and “AA” genotype of rs2073601 in eastern In-

dian probands with DS. It has been proposed that SR

proteins can affect both constitutive as well as regulat-

ed splicing [27] and SNPs in the binding site may alter

function of the protein [28]. Therefore, from the data

obtained in the present study it may be hypothesized

that eastern Indian probandswith DS, with a higher fre-

quency of the rs2073601 “A” allele, has higher chances

of harboring SIM2 splice variants which may lead to

an alteration in protein function.

rs461155 in ETS2 also showed a nominal difference

in allelic frequencies between probands with DS and

control (χ2
= 0.213E-01, P = 0.884). The “A” al-

lele, playing a protective role, was found in excess in

probands with DS (0.629) and from the data obtained it

seems that this SNP may not have an independent role

in the etiology of DS.

The heterozygous genotype of rs2073601 (i.e. ‘CCA’

or ‘CAA’) was frequently found to be present in DS

subjects with the wild type or heterozygous genotype

of other two SNPs (rs461155 and rs2073416). Since

genotypic frequencydistribution of rs2073601 revealed

that the frequency of ‘CAA’genotype (0.435)wasmuch

higher than that of ‘CCA’ genotype (0.204), it can be

predicted that ‘CAA’ genotype could be interacting

with other genotypes. However, this could be actually

redundant in nature since gene-gene interaction anal-

ysis by MDR revealed redundant interaction of these

sites in subjects with DS as well as their parents.

It has already been reported that in majority of cas-

es with DS, the error occurs during maternal meiotic

cycle [29] and more precisely during maternal meiosis

I [24,30,31]. Similar observationswere reported for the

GluK1 kinate receptor in the eastern Indian population,

another gene located at the DSCR [25]. In the present

investigation also, analysis of genotypic data obtained

from four SNPs revealed higher occurrence of maternal

meiosis I nondisjunction in cases with DS (χ2
= 8.89,

P value = 0.003).

Major limitation of the present study is use of mark-

ers which cannot predict the actual stage of nondisjunc-

tion. However, use of four different dimorphic varia-

tions helped in deducing the stage of origin by com-

parative analyses. This preliminary investigation has

shown a possibility of significant involvement for the

rs2073601with DS and further analyses involving large

numberof samples alongwith pericentricmarkers, may

help in understanding the status of nondisjunction and

actual risk involved with the proposed marker.

Characteristic features of DS develop mostly during

the early growth period [30,31] and trisomy of the 21st

chromosome generated by parentalmeiotic nondisjunc-

tion was hypothesized as the major cause [32]. An

error in cell division thus may lead to a disturbance

in dosage of certain genes controlling regulatory func-

tion and as a result, depending on the extent of the

trisomic region, several important cellular mechanisms

could be disrupted [23]. It can be speculated from the

present investigation that the observed higher frequen-

cy of rs2073416 “A” allele may help in generation of

SIM2 splice variants and can induce malfunctioning of

several downstream genes like hedgehog involved in

cell linage specific development of CNS [33], or ex-

pression of neuroendocrine genes like thyroxin releas-

ing hormone, somatostatin etc. [34]. These genes reg-

ulate early brain development and any adulteration in

their function can damage normal brain development

or intellectual functioning [33,34]. From the current

preliminary investigation, an in depth study is warrant-

ed on the role of SIM2 and its downstream genes in the

patho-physiology of DS.

5. Conclusion

Important observations made during the current

study are: 1) rs461155 and rs2073601, in ETS2 and

SIM2 genes respectively, showed significant redundant

interaction in probands with DS as compared to ethni-

cally matched controls; the parent population failed to

show such significance level, 2) both these sites showed

significant differences in allelic frequencies as com-

pared to the control population, 3) analysis of status

of nondisjunction revealed higher maternal mieotic I

nondisjunction which resembles that reported by ear-

lier investigators [23,31]; 4) the rs2073601 “A” allele,
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that showed significant difference in frequency, confer

changes in nucleotide sequence leading to alteration in

mRNA splicing and may contribute to generation of

splice variants, 5) higher frequency of rs2073601 CAA

genotype along with high occurrence of A-C-A-G hap-

lotype in DS probands indicate that rs2073601 may

serve as an important candidate for disease association

studies particularly in the eastern Indian population.
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